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Abstract: It was hypothesized that increasing air and/or soil temperature would increase rates of microbial processes including litter decom¬ 
position and net N mineralization, resulting in greater sequestration of carbon and nitrogen in humus, and consequently development in 0 H 
horizon (humus horizon). To quantify the effect of temperature on biochemical processes controlling the rate of Oh layer development three 
adjacent forest floors under beech, Norway spruce and mixed species stands were investigated at Soiling forest, Germany by an incubation 
experiment of Oh layer for three months. Comparing the fitted curves for temperature sensitivity of Oh layers in relation to net N mineraliza¬ 
tion revealed positive correlation across all sites. For the whole data set of all stands, a Qio (temperature sensitivity index) value of 2.35-2.44 
dependent on the measured units was found to be adequate for describing the temperature dependency of net N mineralization at experimen¬ 
tal site. Species-specific differences of substrate quality did not result in changes in biochemical properties of 0 H horizon of the forest floors. 
Temperature elevation increased net N mineralization without significant changes in microbial status in the range of 1 to 15°C. A low C m i c 
/C org (microbial carbon/organic carbon) ratio at 20°C indicated that the resource availability for decomposers has been restricted as reflected 
in significant decrease of microbial biomass. 
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Introduction 


Temperature is a key factor that regulates many terrestrial bio¬ 
chemical processes, such as soil respiration (Raich et al. 1992), 
litter decomposition (Jansson et al. 1985; Hobbie 1996), net N 
mineralization and nitrification (MacDonald et al. 1995). Or¬ 
ganic matter is of primary importance for nutrient availability 
and the sustainability of forest productivity. Essential nutrients 
are stored in organic matter like nitrogen and base cations and 
are available for plant uptake after mineralization. However, 
organic matter accumulation in forest floor can affect the forest 
ecosystem by immobilizing nutrients making them unavailable 
for plant uptake. The humus forms are useful indicators for esti¬ 
mating the immobilization and availability of nutrients especially 
nitrogen in forest soils. The immobilization increase from mull 
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humus to moder, or mor is a consequence of local ecological 
conditions particularly the climate, vegetation type. Mull humus 
indicates a better nutrient availability, stores only 0.3 Mg-ha" 1 
(simplified expression of Mg (nitrogen)-ha” 1 ) in contrast to mor 
humus with 1.3 Mg-ha" 1 estimated on 600 forest soil profiles in 
Germany (Wolff et al. 1997). The present increase of organic 
matter in the forest floor from mull to mor humus indicates an 
exponentially increase in the 0 H horizon while the 0 L / F (lit¬ 
ter/fermentation) horizons follows an hyperbolic curve 
(BZE-data-set, Wolff et al. 1997). The O l /O f horizons were 
found to be the horizons with highest microbial activity and the 
hyperbolic increase suggests that with increasing soil acidity 
from mull to mor humus, the microorganisms build up a new 
decomposer refuge on the top of the mineral soil which is in the 
steady state between litter input and decomposition. In contrast 
to the O l /O f horizons the 0 H horizon shows a potentially unlim¬ 
ited accumulation from mull to mor humus. Formation of recal¬ 
citrant humic compounds by humification in the 0 F horizon and 
their sequestration in the 0 H horizon seems to be the prevailing 
process in thickening this horizon. The unlimited C accumulation 
in this horizon indicated that microbial decomposition did not 
equal the production of recalcitrant material. To better under¬ 
stand why the 0 H horizon shows an exponential increase it is 
important to know the processes involved in mineralization of 
nitrogen in this horizon and the factors that control the rate of 
this processes. Nitrogen transformations involve biological 
processes that are temperature dependent. In particular tempera¬ 
ture controls on net N mineralization has attracted special atten- 
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tion because of the importance of available N for meeting micro¬ 
bial demands for an element that is usually considered as limiting 
in soils (Aber et al. 1991). The temperature response of N miner¬ 
alization has been shown to follow the Qi 0 function (Kladivko et 
al. 1987; Dalias et al. 2002) with a Qi 0 of net N mineralization 
close to 2. Variations of temperature responses are not, however, 
extensively investigated and controls of substrate quality 
(Campbell et al. 1984; De Neve et al. 1996) are not explicitly 
understood. Microbial biomass and activities are important eco¬ 
system characteristics to be used for predicting rates of nitrogen 
mineralization. Both microbial biomass and activities can be 
affected by changing soil temperature regimes (Nadelhoffer et al. 
1991; Ellert et al. 1992). Reports in the literature indicate that 
soil microbial biomass and activity may increase in response to 
temperature elevation (Sprent 1987; Lioyd et al. 1994) and can 
lead to an increase in net N mineralization and therefore an in¬ 
crease in nutrient availability to plants. 

The present study aimed to characterize the effects of tem¬ 
perature as a major controlling factor on microbial biomass 
status and net N mineralization in 0 H horizon of the three adja¬ 
cent stands at Soiling forest, Germany. It is of great interest to 
find the role of temperature elevation on biochemical processes, 
microbial biomass and net N mineralization, controlling the rate 
of 0 H layer development with respect to different substrate qual¬ 
ity of the forest floors. 

Materials and methods 

Study site 

The study area is located at the Soiling forest in Lower Saxony, 
Germany (51°47'N and 9°37'E) at 500 m above see level. The 
climate is characterized by a mean annual temperature of 6.5°C, 
a mean annual precipitation of 1050 mm. The annual tempera¬ 
tures range from an average of 14°C in July to an average of 
-2°C in January. The dominant soil type are slightly podsolic 
Dystric Cambisol (FAO 1988) developed on Triassic sandstone 
covered by a layer of loess with a thickness varying from 0.2 m 
to 2 m (average 80 cm) (Tiktak et al. 1995). Soil texture is 
dominated by silty loam and the prevailing humus form is typical 
moder. We conducted our study in November 2006 from three 
adjacent treatment plots of 20 m x 20 m each with 100 to 120 
years old trees, one plot included Norway spruce (Picea abies 
L. karst), another was covered by beech trees (Fagus sylvatica 
L.), and the third plot consisted of both beech and spruce trees. 
In 1989 a surface application of 2.3-t-ha' 1 finely ground dolo- 
mitic limestone on the forest floor of spruce stand was registered 
to alter the pH in the organic horizon. 

Soil sampling and experimental design 

Thirty undisturbed field-moist humus samples with 8.4-cm di¬ 
ameter and 14-cm height were collected randomly at each plot by 
using a stainless steal auger. Twelve extra soil cores were col¬ 
lected from each stand and by removing the forest floor 0 L / F 
layers were analyzed for initial measurements of pH, carbon, 
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nitrogen, C/N ratio, microbial biomass and ergosterol content. 
Samples were placed into incubation vessels (8.4-cm diameter, 
14-cm height) and incubated at 1°C, 5°C, 10°C, 15°C, and 20°C 
with six replications from each stand at each temperature in 
temperature-controlled incubation chambers for three months. 
The moisture content of the samples was controlled by continu¬ 
ous weighing over the incubation period. 

Soil analyses and statistical calculations 

Moisture content was determined in sub-samples after drying at 
105°C. Microbial biomass carbon and nitrogen were determined 
using the chloroform fumigation-extraction method (Brookes et 
al. 1985, Vance et al. 1987). Twelve fresh sub-samples were 
taken from each stand. Some six sub-samples were immediately 
extracted with 0.5-mol/L K 2 S0 4 (5:1 ratio of solution to soil dry 
mass), and the others were fumigated for 3d and then extracted; 
organic C and N were determined from the extracts. 

The Organic C in the K 2 S0 4 extracts was analyzed by dry 
combustion at 680°C using TOC 5050 Shimadzu carbon ana¬ 
lyzer (Shimadzu GmbH, Duisburg, Germany). The extracted 
ammonium, nitrate and total N were analyzed by a continuous 
flow system spectrophotometer (Skalar Analytic GmbH, 
D-41812 Erkelenz, Germany). The differences in organic carbon 
and nitrogen extracted between the fumigated and non-fumigated 
soils (C and N flushes) are assumed to represent the C and N 
released from lysed soil microbes, biomass C = E c /k EC , where E c 
is organic C extracted from fumigated soil minus organic C ex¬ 
tracted from non-fumigated soil, and k EC is the coefficient of E c 
(k EC = 0.45), (Joergensen 1996). Biomass N = E^/k^, where E^ 
is total N extracted from fumigated soil minus total N extracted 
from non-fumigated soil, and £ EN is the coefficient of E N (£ EN = 
0.54) (Brookes et al. 1985). 

The measurement procedure of microbial biomass C and N in 
incubated samples after the incubation period was as mentioned 
above. An initial sub-sample was analyzed to determine total C 
and N by dry combustion in a CN-auto analyser (Vario, Elemen- 
tar Analysensysteme, Hanau, Germany) and soil pH by a digital 
pH-meter (WTW GmbH Wesl-Germany). The quantification of 
fungal biomass was made by determination of ergosterol content. 
Ergosterol was determined according to Djajakirana et al. (1996). 
Moist soil of 1-g dry weight was extracted with 100-ml ethanol 
for 30 min by oscillating shaking at 250 rev per minute. Ergos¬ 
terol content was measured by reversed-phase HPLC analysis at 
25°C using a column of 12.5-cm Spherisorb ODS II S5 with a 
mobile phase of 97% vol. methanol/3% vol. water and detection 
at 282 nm. 

The effect of temperature on net nitrogen mineralization was 
investigated by estimating the rate of increase of extractable 
ammonium and nitrate in samples after 12 weeks of incubation. 
Extractable ammonium and nitrate were determined by the ex¬ 
traction of 40-g soil with 200 mL of 0.5-molL' 1 K 2 S0 4 (~ 5:1 
ratio of solution to dry mass soil). Extraction was done by shak¬ 
ing the samples for one hour and filtering the extracts through 
K 2 S0 4 -rinsed filter papers. Extracts were analyzed by a continu¬ 
ous flow system spectrophotometer (Skalar Analytic GmbH, 
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D-41812 Erkelenz, Germany). An exponential function equation 
was used to calculate the temperature effects on net nitrogen 
mineralization by a nonlinear curve fitting procedure which as¬ 
sumes an exponential relationship between the rate of the process 
under consideration and the temperature, where the b 0 and bi as 
fitting parameters were calculated (Davidson et al. 1998). 


where, V NM is the net nitrogen mineralization (per measured 
units), bo and b\ are two fitting parameters and T is the tempera¬ 
ture (°C). 

The exponential function Q 10 was used to show temperature 
sensitivities of a complex of biochemical processes in soil, cal¬ 
culated as: 

Qio = e <10M) (2) 

Statistics 

Analysis of variance (ANOVA) was tested by Mann-Whitney 
U-Test at p< 0.05 level, performed by the program Statistica ver¬ 
sion 6.0. 

Results and discussion 

Biochemical characteristics of 0 H horizons 

The thickness and the mass of forest floor 0 H horizon increased 
slightly from beech over mixed species, to spruce forests but not 


significantly different between the stands (p<0.05). Site variation 
effects on biochemical characteristics of the humus layers were 
also negligible as shown in Table 1. The pH ( KC1 ) of the 0 H hori¬ 
zons was very low, ranged from 2.96 to 3.21 and represented the 
overall median of forest floor 0 H horizons in Germany of about 
3.0 (pH (kci)X (Wolff et al. 1997). The average C/N ratio of 20.8 
was lower than the overall median of 24 in German moder hu¬ 
mus (Wolff et al. 1997) which indicates a higher N immobiliza¬ 
tion from nitrogen deposition at Soiling forest. Lower soil pH 
and C/N ratios as a result of high N and acid deposition during 
the last decades (Ulrich 1994) were indicated by former soils 
analyses of pH (Hallbacken and Tamm, 1986; Heisner et al. 2003) 
and total nitrogen at Soiling forest (Zezschwitz 1980; Buberl et 
al. 1994). The values of C/P mineralization were greater than 
C/N mineralization ratios, typically by an order of magnitude. 
This is consistent with other studies showing that microbes can 
immobilize almost all available phosphate in organic matter 
(Walbridge et al. 1987). The 0 H substrate quality was also found 
to be similar regarding the content of microbial biomass esti¬ 
mated in a survey of 0 H horizons in Lower Saxony, Germany 
(Anderson 2003). The microbial biomass of the forest soils in 
Lower Saxony ranged from 1.3 to 2.8 mg-g' 1 with a high spatial 
variation of up to 0.9 mg-g' 1 which was not significantly different 
to the mean of 3.8 mg-g' 1 at the present study. As a result of in¬ 
significant differences in chemical characteristics of the 0 H ho¬ 
rizon between beech and Norway spruce in pure and mixed spe¬ 
cies stands even for the Ca content it can be assumed that the 
application of lime in 1989 has not significantly changed the 0 H 
horizon at the spruce stand. 


Table 1. Mean initial Oh horizon characteristics of the study area at Soiling forest, Germany 


Stand 

Height 

Mass 

Moisture 

pH 


Corg 

N t 

C/N 

C/P 

Cmic-init. 

Nmic-init. 

C • /N • 



(Mg-ha" 2 ) 




(g-kg' 1 ) 

(g-kg' 1 ) 

(gg-g 1 ) 

(Pg-g 1 ) 



(cm) 

(%) 

(KC1) 

(H 2 0) 





2.78 

17.2 

59.5 

3.00 

3.68 

251 

12.9 

19.6 

257 

3686 

438 

8.44 

Beech 


(4.71) 

(5.07) 

(0.14) 

(0.19) 

(48.3) 

(2.52) 

(1.32) 

(48,6) 

(570) 

(70.5) 

(0.53) 

Spruce 

4.02 

20.1 

63.2 

3.21 

4.04 

259 

11.9 

21.8 

344 

3757 

381 

9.94 


(8.53) 

(5.6) 

(0.58) 

(0.62) 

(54.5) 

(2.39) 

(1.71) 

(72,4) 

(629) 

(75.1) 

(0.60) 


3.66 

18.5 

63.5 

2.96 

3.79 

280 

13.4 

21.1 

329 

3980 

451 

8.83 

Mixed 


(7.65) 

(3.66) 

(0.09) 

(0.13) 

(44.9) 

(2.56) 

(1.78) 

(51,8) 

(602) 

(51.5) 

(1.01) 


Note: Standard deviation is given in parentheses (Values are not statistically significant atp<0.05 between the stands) 


Temperature dependence of net N mineralization 

The rates of net nitrogen mineralization increased exponentially 
(R = 0.91-0.99) with increase in incubation temperature in the 
range of 1 -20°C during 12 weeks incubation period (Fig. 1). In 
comparison to beech and mixed species stands the rates of net N 
mineralization at spruce stand was slightly higher within the 
same temperature, resulting from higher accumulation of humus 
in the 0 H horizon at spruce stand (Table 2). 

The net N mineralization was statistically not different {p < 
0.05) between beech and spruce in pure and mixed species cul¬ 
tures, which revealed no distinct effect of species-specific dif¬ 
ferences of substrate quality on net N mineralization. As the 


general climatic and biochemical properties of the adjacent forest 
floors were similar, the net N mineralization of each stand at 
mean annual air temperature (6.5°C) was calculated, which re¬ 
vealed no significant effect of vegetation type on net N miner¬ 
alization at experimental site (Table 3). As a result of prevailing 
insignificant differences between the stands the net N minerali¬ 
zation and the Qi 0 values at mean of the experimental site were 
calculated and shown in Table 4 and Fig. 2. The general pattern 
of results exhibited a significant increase in net N mineralization 
along temperature increase at each stand. The observed increase 
in net N mineralization is consistent with results from individual 
sites, which have demonstrated significant positive relationships 
between temperature and net N mineralization (Van Cleve et al. 
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1990; Emmer et al. 1990; Bonan et al. 1991; Goncalves et al. 
1994; MacDonald et al. 1995; Reich et al. 1997; Rustad et al. 
2000). The temperature sensitivity of the net N mineralization in 
0 H horizon of the three stands varied between 2.24°C to 2.63°C 




per measured units. In consistent with our results, Dalias et al. 
(2002) reported the Qi 0 values of native N mineralization in 0 H 
horizon of the conifer forest soils in the range of 1.69-2.48 at the 
incubation temperature of 10°C to 20°C. 



Temperature (°C) 



Fig. 1 Relationships between net N mineralization (per different unit) and temperature (°C) 


Table 2. Mean NNM in the O h horizon of spruce, beech and mixed species stands along the temperature increase over the incubation period 


Net N mineralization 

Stand 



Temperature (°C) 



1 

5 

10 

15 

20 

per unit-area 

beech 

5.49 (3.82) 

12.1 (1.54) 

17.8(2.30) 

31.8(6.59) 

47.5 (11.9) 

(mg-nC-d" 1 ) 

spruce 

8.08 (4.48) 

16.8(7.43) 

22.1 (2.86) 

35.8 (7.75) 

50.9(16.8) 


mixed 

7.04 (2.61) 

15.9(5.99) 

20.3 (4.46) 

31.6(4.95) 

50.8 (5.67) 

per unit-mass 

beech 

3.08 (2.09) 

7.06 (1.70) 

12.0 (2.91) 

24.9 (4.64) 

27.5 (4.88) 

(mg-kg Td' 1 ) 

spruce 

3.14(1.73) 

6.48 (2.49) 

16.4 (0.97) 

22.9 (8.89) 

30.0 (8.16) 


mixed 

2.52 (0.92) 

9.52 (3.21) 

15.4 (6.44) 

24.0 (4.70) 

31.4 (8.36) 

per unit-C org 

beech 

11.7 (6.00) 

30.0 (1.90) 

47.7(6.19) 

91.6(7.68) 

106(13.8) 

(mg-kg Td" 1 ) 

spruce 

11.5 (4.16) 

31.4(13.1) 

56.5 (7.71) 

89.8(19.7) 

108 (21.8) 


mixed 

8.66 (3.13) 

33.8(9.19) 

52.5 (13.1) 

79.5 (14.4) 

122 (22.9) 

per unit-N t 

beech 

238 (120) 

586 (62.5) 

873 (123) 

1820 (226) 

2086 (288) 

(mg-kg Td" 1 ) 

spruce 

278 (97.2) 

627 (243) 

1166 (128) 

2030 (540) 

2311 (363) 


mixed 

200 (66) 

670(172) 

1047 (256) 

1670 (271) 

2532 (467) 


Notes: Standard deviation is given in parentheses 
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Fig. 2 Relationships between mean net N mineralization of the three 
stands (per different unit) and temperature (°C), (Right Y axis is the 
NNM per N t ) 
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The Qio coefficients obtained for organic matter nitrogen un¬ 
der different vegetation types at this experiment can be consid¬ 
ered as indicative of the sensitivity to temperature of different 
quality resources. Campbell et al. (1984) suggested that Q 10 val¬ 
ues may be related to the degree of degradation of the soil or¬ 
ganic matter and that more labile substances are more sensitive 
to temperature than those which are more refractory. Vigil and 
Kissel (1995) also found larger Q 10 values for leaves with lower 
C/N ratios compared with leaves with less easily usable C 
source. 

The present results confirm the hypothesis proposed by 
Campbell et al. (1984) since the Qi 0 values for Norway spruce 
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were insignificantly smaller than for beech net N mineralization 
data, resulting from different C/N values between spruce and 
beech in the magnitude of forest floor (24.2 for spruce vs. 20.9 
for beech) and 0 H layer (21.8 for spruce vs. 19.6 for beech). Post 
et al. (1985) and Anderson (1991), (1992) suggest that responses 
of humus net N mineralization to temperature elevation may not 
only be dependent on the nitrogen storage and organic matter 
stability in this horizon but also on the relationship between 
temperature response function and organic matter recalcitrance. 

The warming-induced experiment at the present study on for¬ 
est floor 0 H at Soiling forest which is already impacted by ele¬ 
vated atmospheric N deposition (20-40 kg-ha'^a' 1 ) increases the 
internal N production as reflected by the values of net N miner¬ 
alization can lead to or further exacerbate conditions of “N satu¬ 
ration”, where the input of N equals or exceeds the ability of the 
forest floor 0 H to assimilate the added nitrogen. 


Table 3. Parameters of the Qi 0 regressions fitted on the NNM data 


Net N miner¬ 
alization 

stand 

bo 

bi 

R 2 

Qio 

NNM 

at 6.5°C 

per unit-area 

beech 

7.00 

0.10 

0.99 

2.63 

13.1 

(mg-nGd' 1 ) 

spruce 

9.95 

0.08 

0.99 

2.28 

17.0 


mixed 

8.39 

0.09 

0.99 

2.46 

15.1 

per unit-mass 

beech 

5.34 

0.09 

0.91 

2.37 

9.36 

(mg-kgTd' 1 ) 

spruce 

5.67 

0.09 

0.94 

2.36 

9.91 


mixed 

6.02 

0.08 

0.95 

2.34 

10.5 

per unit-C org 

beech 

21.0 

0.08 

0.93 

2.32 

36.3 

(mg kg A d A ) 

spruce 

22.9 

0.08 

0.93 

2.24 

38.7 


mixed 

18.7 

0.09 

0.98 

2.57 

34.6 

per unit-N t 

beech 

401 

0.09 

0.92 

2.37 

701 

(mg-kgTd' 1 ) 

spruce 

489 

0.08 

0.92 

2.26 

831 


mixed 

378 

0.10 

0.98 

2.61 

706 


Note: Qio values and the calculated NNM at mean of annual air temperature 
at Soiling 


Table 4. Parameters of the Qi 0 regressions fitted on the mean NNM 
data 


Net N mineralization 

bo 

bi 

R 2 

Qio 

NNM at 6.5°C 

per unit-area 
(mg m' 2 d' 1 ) 

8.43 

0.09 

0.99 

2.44 

15.1 

per unit-mass 
(mg kg' 1 d' 1 ) 

5.68 

0.09 

0.95 

2.35 

9.91 

per unit-C 01 g 
(mg kg' 1 d' 1 ) 

20.9 

0.09 

0.96 

2.37 

36.6 

per unit-Nt 
(mg kg' 1 d' 1 ) 

423 

0.09 

0.96 

2.40 

748 


Note: Qio values and the calculated NNM at mean of the three stands by mean 
annual air temperature at Soiling 

Temperature dependence of microbial biomass 

The values of microbial biomass C and N were not significantly 
different between the three stands at each temperature treatment 
(Table 5). Temperature increase did not change the microbial 


biomass significantly between 1 to 15°C at each stand dependent 
on the measured units. It is indicated that the increase of net N 
mineralization with temperature was not related to the microbial 
biomass carbon and nitrogen. This is in accordance with the re¬ 
sults of the authors who found no relation between nitrogen min¬ 
eralization rate and microbial biomass N to temperature varia¬ 
tions in a beech forest soil (Bauhus et al. 1995), coniferous forest 
soil (Raubuch et al. 2002), and in the litter of beech and conifer¬ 
ous forests (Poehhacker et al. 1995; Raubuch 1998). 

Table 5. Microbial C and N, C mic -to-N mic ratio, N mic -to-N t in O h 
horizon of the three stands at different incubation temperatures, 
standard deviation is given in parentheses 

Temp. Stand Cmic N m ; c Cmic/N m ic C m j c /C 0 rg N m j c /N t 

(°C)(hg-g" 1 ) (hg-g" 1 )(%)(%) 

beech 4453 (1060) 453 (146) 10.1 (1.28) 1.76 (0.23) 3.77 (0.88) 

1 spruce 4031 (802) 351 (76.2) 11.6 (1.83) 1.50(0.07) 3.16 (0.49) 

_mixed__42341563)___4_48 (1.03)__9._68_(J.50)_8 {0.40)_4^_lf 1 _75J_ 

beech 3367 (680) 325 (63.0) 10.4 (0.38) 1.46 (0.28) 2.88 (0.50) 

5 spruce 3168 (845) 334 (215) 10.8 (2.94) 1.52 (0.33) 3.21 (2.05) 

_mixed_ _ 3839_(538)_3_52_(4fk9)__ 1_0._9_(0_.83)_ JL40 (0. n)_2.54J0^28)_ 

beech 3628 (894) 377 (111) 9.72 (0.57) 1.44 (0.17) 2.72 (0.40) 

10 spruce 3016 (558) 279 (63.3) 10.9 (0.98) 1.02 (0.14) 1.95 (0.33) 

_mixed__3608J760)__ J_79(79j5)_9.56_(0.9^7)__L27 (0.09)_2.6_6_(q i 25)_ 

beech 4520 (967) 484 (120) 9.42 (0.59) 1.66 (0.19) 3.54 (0.72) 

15 spruce 3027 (665) 286 (70.3) 10.7 (0.83) 1.21 (0.16) 2.52 (0.21) 

_mixed__ 3_6_16£581J_ 3 73 (71.4) 9.77(0.63) 1.19(0.11) 2.61(0.53)_ 

beech 1950 (430) 273 (63.8) 7.19 (0.86) 0.77 (0.09) 2.14 (0.37) 

20 spruce 1246 (399) 150 (70.3) 9.49 (4.48) 0.46 (0.12) 1.16 (0.38) 

mixed 1900 (524) 236 (40.3) 8.02 (1.59) 0.72 (0.08) 1.92 (0.23) 

Note: Values are not statistically significant at P<0.05 between the stands at 
each temperature 

The C mic -to-N mic , C mic -to-C org and the N mic -to-N t (ratio of mi¬ 
crobial nitrogen to total nitrogen) ratios remained relatively 
constant in the temperature range of 1-15°C with significant 
reducing trend at 20°C. The ergosterol content, an indicator of 
the fungal biomass, was not affected by temperature but the val¬ 
ues were significantly lower under spruce in contrast to the beech 
and mixed species stands as related to units mass and C org (Table 
6). This result is in contrast with the survey of fungal-to-bacterial 
ratios of the forest soils in north Germany which indicates higher 
ratios under coniferous forests. Blagodatskaya and Anderson 
(1998) found fungal-to-bacterial ratios of 90-to-10 and 94-to-6 in 
forty spruce and beech stands with low soil pH (K ci) of about 3. At 
higher soil pH ( Kci) of 6 much lower ratios of 84-to-16 and 
74-to-26 were found for spruce and beech stands. An explanation 
for this discrepancy could be the lime application at the spruce 
stand in 1989. Liming changed the soil chemical state only for a 
couple of years but has obviously a long-lasting effect on the 
microbial community. Significant changes in the microbial status 
occurred above 15°C, a soil temperature which is normally not 
passed at Soiling. The microbial biomass C and N, which were 
constant between 1 and 15°C, significantly decreased at 20°C at 
the three stands. Kleber et al. (1998) suggest that significant 

^ Springer 















42 


Journal of Forestry Research (2008) 19(1):37^13 


changes in microbial biomass can be contributed to the changes 
in turnover rates of the microbial biomass at the highest tem¬ 
perature treatment. The microbial biomass C contributed 
1.02%—1.76 % of total organic carbon in 0 H horizon in the tem¬ 
perature range of 1-15°C, while the ratio decreased to 
0.46%-0.77 % at 20°C, exhibited a restricted resource availabil¬ 
ity for decomposers, as reflected in significant decrease of mi¬ 
crobial biomass (Fig. 3). In contrast to bacteria the ergosterol 
content was not significantly affected at the temperature of 20°C, 
although a trend to lower concentrations occurred per units mass 
and C org at beech and mixed species stands. As a consequence, 
the temperature effect on the ergosterol-to-C mic ratios was higher 
at spruce stand and reached the same values as was found for 
beech and mixed species stands. 



Fig. 3 Microbial biomass (% C mic in C org ) in O h layer of the forest 
floors affected by temperature 


Table 6. Ergosterol content of fungal biomass in Oh horizon of the 
forest floor of the three stands at different incubation temperatures 


Fungal er¬ 
gosterol 

stand 


Temperature (°C) 


1 

5 

10 

15 

20 

per unit-mass 

beech 

27.2 

28.8 

32.1 

31.1 

22.3 



(7.02) 

(12.0) 

(9.21) 

(7.31) 

(4.78) 

(Fg'g -1 ) 

spruce 

15.5 

9.83 

14.0 

10.0 

12.3 



(6.60) 

(2.36) 

(5.34) 

(3.40) 

(5.22) 


mixed 

24.1 

24.2 

25.4 

29.4 

21.2 



(3.73) 

(2.90) 

(6.13) 

(8.86) 

(3-15) 

per unit-C 01 g 

beech 

112 

119 

127 

114 

88.5 



(21.1) 

(22.4) 

(18.0) 

(17.4) 

(10.7) 

(gg-g' 1 ) 

spruce 

55.8 

47.9 

46.8 

38.8 

44.1 



(16.3) 

(13.5) 

(14.6) 

(9.54) 

(15.0) 


mixed 

87.4 

89.0 

88.7 

96.5 

82.9 



(7.6) 

(H-7) 

(9.36) 

(24.0) 

(10-7) 

per unit-C m i c 

beech 

6.16 

8.58 

8.88 

6.81 

11.7 



(1.15) 

(3.17) 

(1.50) 

(0.94) 

(2.41) 

(pg-mg 4 ) 

spruce 

3.77 

3.35 

4.42 

3.29 

11.2 



(1.16) 

(1.38) 

(1.44) 

(1.07) 

(7.75) 


Mixed 

5.81 

6.36 

7.06 

8.16 

11.8 



(1.46) 

(0.67) 

(1.03) 

(2.03) 

(3.20) 


Note: Standard deviation represent in parentheses. 


Specific net N mineralization affected by temperature 

The specific net N mineralization of the three stands was calcu¬ 
lated assuming a linear change in microbial biomass over the 
incubation period. NNM/C mic increased significantly from 0.61 
to 11.9 (pg mg ^d 1 ) between 1 to 20°C without significant dif¬ 
ferences between the stands (Table 7). A high correlation ( R 2 > 
0.98) between specific NNM and temperature elevation indicated 
that the decline in bacterial biomass at 20°C seems to have neg- 
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ligible influence on the specific net N mineralization. This result 
was not expected for three reasons. A decline in microbial bio¬ 
mass at 20°C provides an easy available substrate for decompo¬ 
sition and a lower microbial biomass immobilize less nitrogen. A 
higher proportion of fungal biomass should reduce the N immo¬ 
bilization due to the higher C/N ratio compared to bacteria 
(Killham 1994). The higher energy metabolism to maintain the 
lower microbial biomass at 20°C may have reduced the growth 
and N immobilization. There might be two reasons for this dis¬ 
crepancy, either the microbial biomass has not been changed 
linear during incubation or the total effect on net N mineraliza¬ 
tion listed above were negligible. 


Table 7. Specific NNM in O h horizon of the three stands at different 
temperatures 


Stand 

1°C 

NNM/Cmic 

5 °C 

G±& n is.v < ri 

10 °C 

15 °C 

20 °C 

Beech 

0.72 (0.43) 

1.99 (0.40) 

3.25 (0.53) 

5.95 (0.52) 

9.53 (1.48) 

Spruce 

0.80 (0.37) 

1.88 (0.78) 

4.87 (0.36) 

6.81 (2.43) 

11.9(2.24) 

Mixed 

0.61 (0.19) 

2.40 (0.71) 

3.94 (1.28) 

6.28(1.12) 

10.5 (2.31) 


Standard deviation is given in parentheses 


Conclusion 

Comparing the exponential function curves, describing the effect 
of temperature on net N mineralization, revealed similar pattern 
in net N mineralization and correspond with a uniform microbial 
biomass and ergosterol content between the 0 H layers of the 
three stands. The similar Q 10 values between the stands suggest 
that the relative activity of microorganisms might be influenced 
more by abiotic factors such as temperature than biotic factors 
such as microbial species and substrate quality when no signifi¬ 
cant differences was detected in chemical properties of 0 H layer. 
The effect of biological processes on temperature studied in this 
experiment is generally be characterized by Qi 0 (2.35-2.44) per 
measured units. Incubation studies at 1, 5, 10, 15 and 20°C re¬ 
vealed a similar increase in NNM in the 0 H layer of beech and 
Norway spruce in pure and mixed species stands. Although net N 
mineralization followed an exponential increase to 20°C, a dras¬ 
tic decrease to about 50% in microbial biomass was observed 
compared to the lower temperatures. This was attributed to a 
decrease in bacterial biomass compared to a moderate decrease 
in fungal biomass, which was slightly higher at the beech stand 
than at the Norway spruce stand with respect to temperature 
elevation. Despite a large number of studies on biochemical 
processes in forest floors affected by temperature elevation, there 
are still not enough indications of the effect of temperature on 
the rates of humus development. Hence, still further studies are 
required to provide a better understanding of the contribution of 
temperature as a key control factor on nitrogen transformations 
in European forests. 
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